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(54) Signal decoding system 

^ Two composite audio signals 

■(^jC^ L Ft are decoded into four (or more) 
'loudspeaker channels 26A-D 
whose levels are detected 52A-D 
and used in "steering" circuits 
80A,B to generate control signals 
which are used to adjust the gains 
(VCA controls 54A-D) of the other 
loudspeaker channels in such a way 
as to enhance the directionality of 
the sound image represented by the 
channel signals. The steering circuit- 
80A compares the levels on left 
and right front channels whilst 
circuit 80B compares the levels on 
a centre front and three rear 
(surround) channels and, in addition 
, to feeding the VCA's, both steering 
c.rcu.ts generate in 1 30 a control 
signal for the rear channel circuit 
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SPECIFICATION 

Signal decoding system 

5 The present invention relates generally to 

sound reproducing systems. More particularly, 
the present invention relates to systems for 
decoding two input signals (containing audio 
data relating to virtual sound images) received 
1 0 on two corresponding input channels so as to 
produce at least four decoded information 
signals which are adapted to drive at least 
four loudspeakers positioned in a predisposed 
pattern with respect to a listener or audience 
15 so as to create virtual sound images at various 
locations around the listener. 

As the term is used herein, "virtual sound 
image" means the apparent source of sound 
as psychoacoustically perceived by the listener 
20 that is created by the combination of sonic 
signals generated by the loudspeakers dis- 
posed in such predisposed patterns in re- 
sponse to the information signals. 

Decoding systems of the type for generating 
25 at least four information signals from two 

input signals include quadraphonic sound sys- 
tems. Quadraphonic sound systems have been 
realized based on the fact that sufficient audio 
data can be encoded in two input signals so 
30 that the two signals can be decoded into at 
least four unique information signals which in 
turn can be used to drive at least four loud- 
speakers disposed in a predisposed pattern 
around a listener so as to create virtual sound 
35 images. See, for example, U.S. Patent Nos. 
3632886; 3944735 and the references cited 
therein, including, respectively, U.S. Patent 
Nos. 2714633; 2845491; 3067287; 
3067292; 3401237 and 3786193; 
40 3794781; 3798373; 3812295; 3821471; 
3825684; 3829615; 3836715. 

One such quadraphonic system, described 
in U.S. patent No. 3632886. provides separ- 
ation between the four output channels by 
45 simultaneously varying the gain in each of the 
channels of a diagonal pair. Diagonal chan- 
nels are defined in this prior art system as the 
left and right output channels as one pair and 
the front and rear channels as the other pair 
50 (i.e., defined as each pair of loudspeakers 

which are considered on opposite sides of the 
listener). The prior art system provides that an 
increase in the gain in one pair of diagonal 
channels will be accompanied with a decrease 
55 in the gain in the other pair of diagonal 
channels so as to prevent a change in the 
overall volume of the audio output as a func- 
tion of direction. As a consequence, only two 
of the four information signals are used to 
60 control the gain in all four output channels. 
Specifically, only the left and right output 
channels are detected, filtered, converted to 
their absolute value, with the two absolute 
value signals being then converted to their 
65 logarithmic vaiue. The two log signals are 



then compared and the absolute value of the 
difference is averaged before being applied to 
a gain control generator. The generator pro- 
vides the two control signals respectively to 

70 the voltage gain amplifiers of each diagonal 
pair of channels. 

Better control, however, can be achieved by 
controlling the gain in each output channel 
with the signal transmitted in that channel. 

75 Further, by using a signal expander of the 
type using a level sensor for generating the 
control signal for controlling the signal gain of 
the information signal generated in the output 
channel greater dynamic range is achieved 

80 while improving the signal-to-noise ratio of the 
two input signals. Even better results can be 
achieved where multi-band expanders are 
used to control the signal gain of each infor- 
mation signal. 

85 Accordingly, an object of the present inven- 
tion is to provide a decoding system providing 
at least four information signals from two 
input signals containing audio data relating to 
virtual sound images, the signal gain of each 

90 information signal being controlled at least 
partly by the signal level of the information 
signal. 

Another object of the present invention is to 
provide a decoding system providing at least 
95 four information signals from two input sig- 
nals containing audio data relating to virtual . 
sound images and including signal expanders 
for providing expansion for each information 
signal. 

100 And another object of the present invention 
is to provide a decoding system for providing 
at least four information signals from two 
input signals containing audio data relating to 
virtual sound images and including multi-band 

105 expanders providing expansion for each infor- 
mation signal. 

And yet another object of the present inven- 
tion is to provide a decoding system providing 
at least four information signals from two 

110 input signals containing audio data relating to 
virtual sound images and using gain control 
signals for each channel derived from the 
detected level of the corresponding informa- 
tion signal in each such channel and the 

1 15 difference between the detected levels of the 
information signals in the diagonal pair of 
channels to which the information signal per- 
tains. 

These and other objects are achieved by an 
120 improved decoding system for use in a sound 
reproducing system and being of the type for 
coupling two input signals containing audio 
data to at least four loudspeakers, the latter 
being adapted to be positioned at different 
125 locations with respect to a listener. The decod- 
ing system comprises means responsive to the 
input signals for generating at least four elec- 
trical information signals corresponding to the 
loudspeakers and containing the audio data, 
130 the audio data of each signal being a function 
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of the position of the respective loudspeaker 
relative to the listener, at least four electrical 
transmission paths for respectively transmitt- 
ing the four information signals to the corre- 
5 sponding ones of the loudspeakers, means 
disposed in each of the transmission paths for 
impressing as a function of a control signal a 
signal gain on at least a portion of the infor- 
mation signal transmitted over each such 
10 path, and means coupled to each of the 
transmission paths for detecting the signal 
level of the portion of the information signal 
transmitted over each such path and for gen- 
erating the control signal for each such path 
1 5 in response and as a function of the detected 
portion of the information signal. 

With respect to another aspect of the pre- 
sent invention sound reproduction systems of 
the type described have been developed in 
20 which the rear quadraphonic signal is used 
with more than one speaker for creating a 
surround signal to create greater sound effects 
behind a listener. 

It is another object of the present invention 
25 to provide an improved sound reproduction 
system of the type having at least a left and 
right surround loudspeaker and adapted to 
modify the left and right surround signals so 
as to enhance virtual sound images contained 
30 in the audio data of the information signals. 
It is a more general object of the present 
invention to provide an improved sound repro- 
duction system of the type utilizing at least 
two diagonal pair of information signals from 
35 a pair of input signals and adapted to modify 
one of the information signals of one diagonal 
pair when the other pair of diagonal signals 
indicate a clearly determined directionality so 
as to enhance the virtual sound image indi- 
40 cated by this predetermined directionality. 

And another object of the present invention 
is to provide an improved sound reproduction 
system of the type having at least three chan- 
nels, for convenience referred to as the right, 
45 left and center quadraphonic channels, and a 
rear surround channel for connection to at 
least left and right surround loudspeakers and 
adapted to enhance virtual sound images pro- 
duced by the left or right surround loudspeak- 
50 ers when the signal energy in the left channel 
and right channel are different and the signal 
energy in the surround channel exceeds the 
signal energy in the front channel by a predet- 
ermined amount. " ' . 
5 5 These and other objects are achieved by an 
improved system for decoding two input sig- 
nals into at least four information signals (two 
diagonal pair) containing audio data relating 
to virtual sound images that can be created by 
60 the information signals when used to drive a 
plurality of loudspeakers predisposed in a pre- 
selected pattern relative to a listener. The 
system includes means for modifying one of 
the information signals of one diagonal pair 
65 (preferably the surround information signal) 



when the audio data of the other pair indi- 
cates a clearly determined directionality so as 
to enhance the virtual sound image indicated 
by the determined directionality. 
70 Other objects of the invention will in part be 
obvious and will in part appear hereinafter. 
The invention accordingly comprises the appa- 
ratus possessing the construction, combina- 
tion of elements and arrangement of parts 
75 which are exemplified in the following de- 
tailed disclosure, and the scope of the applica- 
tion of which will be indicated in the claims. 

For a fuller understanding of the nature and 
objects of the present invention, reference 
80 should be had to the following detailed de- 
scription taken in connection with the accom- 
panying drawings wherein: 

FIG. 1 is a simplified top view of a floor 
plan showing the predisposed pattern of the 
85 locations of six loudspeakers relative to a 
listener in the preferred embodiment of the 
present invention; 

FIG. 2 is a block diagram of the preferred 
decoding system of the present invention; 
90 FIG. 3 is a partial schematic, partial block 
diagram of the preferred decoding matrix of 
the FIG. 2 embodiment; 

FIG. 4 is a partial schematic, partial block 
diagram of the preferred signal control unit for 
95 each quadraphonic information signal channel 
of the FIG. 2 embodiment; 

FIGS. 5A and 5B are, respectively, partial 
schematic, partial block diagrams of the pre- 
ferred LR (left-right) and CS (center-surround) 
100 steering signal generators of the FIG. 2 em- 
bodiment; 

FIG. 6 is a block diagram of the preferred 
sound extender steering generator of the FIG. 
2 embodiment; and 
105 FIG. 7 is a block diagram of the surround 
extender control unit shown in the FIG. 2 
embodiment. 

In the drawings, the same numerals are 
used to designate identical or similar parts. 
110 Referring to FIG. 1, the simplified top view 
of a floor plan "sKowTthe preferred predis- 
posed pattern of the locations of six loud- 
speakers 10 relative to a listener 12 in the 
preferred embodiment of the present inven- 
1 15 tion. The loudspeakers 10 are positioned so 
that loudspeaker 1 OA is positioned approxi- 
mately in front of the listener, loudspeakers 
10B and 1 0C are positioned in front of the 
listener respectively to the left and to the right 
1 20 of the center speaker 10A. The surround 
loudspeakers 1 0D, 1 0E and 1 OF are posi- 
tioned so that loudspeaker 10D is positioned 
substantially directly behind the listener, while 
loudspeakers 10E and 10F are positioned 
1 25 behind and respectively to the left and right of 
the listener. In the preferred embodiment the 
loudspeakers are designed to be used with 
two encoded signals, one encoded with the L 
audio data and the other encoded with the R 
130 audio data. The left front loudspeaker 10B is 
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adapted to be driven by left channel informa- 
tion signals containing only L audio data (con- 
tained in one of the input signals to the 
decoding system of the preferred embodiment 
5 of the present invention), while the right front 
loudspeaker is adapted to be driven by right 
channel information signals containing only R 
audio data (contained in the other of the input 
siqnals to the decoding system of the pre- 
10 ferred embodiment of the present invention). 
The center front loudspeaker 10A is adapted 
to be driven by center information. signals _ 
containing L + R audio data, provided by add- 
ing the left and right channel in P u ^ s ' gn . a J, S [ : 
15 while the surround loudspeakers 10D, lUb 
and 10F are adapted to be driven by surround 
channel information signals containing L R 
audio data provided by subtracting the right 
channel input signal from the left channel 
20 input signal. The left surround right .surround 
and center surround loudspeakers 10E, 1UI- 
and 10D each receive different frequency 
and/or phase information from the surround 
channel information signal as will be more 
25 evident hereinafter. It will be evident that 
while only one speaker is shown as receiving 
each of the right, left and center channel 
information signals, and three speakers are 
shown receiving the surround channel mfor- 
30 mstion signal, the number of loudspeakers 
receiving the same information signal; or dif- 
ferent phase and/or frequency information 
from the same information signal may vary, 
depending upon how the audio data are ongi- 
35 nally encoded. . ' 

A block-diagram of the preferred embodi- 
ment of the decoding system of the present 
invention is shown in FIG. 2, .wherein the 
input terminals 20A and 20B are respectively 
40 adapted .-to- receive: the -two input signals. The 
signals may be received from any source, : . 
such as a phonograph record, an audio or 
video tape or. disk; or from a motion picture 
sound track. The preferred embodiment is 
45 designed to be used with signals encoded in 
accordance with the split variable; area (SVA) 
standard used in the motion picture industry. 
Generally, in accordance with the SVA stan- 
dard, the left input signal contains the left (L) 
50 audio data, while the, right input signal con- : 
tains the right (R) audio data. The left input 
signal is used to drive the left speaker 10B. 
while the right input signal is used to: drive 
the right speaker ; ,10Cc If both left and; right 
55 input signals track in the 'same phase; and are . 
of the same amplitude (L + R).-»the combined 
.signal is to, be provided to the center speaker 
10A If both input signals are-180 out-of- 
■■ phase (L - R),: the difference signal is pro- 
60 vided to the rear surround speakers 10D. lUt 
and 10F, all as previously described. „ 

The two input terminals 20A and 20B are 
accordingly connected to the decoding matrix 
22 for generating the four distinct electrical 
6 5 info- •,;tion signals corresponding to the four 



qroups of loudspeakers 10. The preferred de- 
coding matrix 22 is shown in FIG. 3. wherein 
input 20A, receiving the left input signal, is 
connected to the non-inverting input of input 
70 buffer amplifier 24A, the latter having its . 

output connected directly to its inverting input 
and forming the output terminal 26A of the 
decoding matrix for providing the left channel 
information signal (L).,The input terminals ■ 
7 5 20A and 20B are connected through identical 
resistors 28 and 30 to the non-inverting input 
of buffer amplifier 24B so that the sum L + R 
is provided at this input. The latter amplifier 
" 24B has its output connected through resistor 
80 32 (having an identical value as resistors 28 
and 30) so as to provide 0.5 gain. The output 
terminal 26C thus provides the P^f/^d cen- 
ter channel information signal [0.5 (L + R)J- 
The input terminal 20A is also connected 
85 through resistor 34 to the non-inverting input 
of buffer amplifier 24C. the non-inverting in- 
put of amplifier 24C preferably being con- 
nected to system ground through resistor 3b. 
Input terminal 20B is connected through re- 
90 sistor 38 to the inverting input of amplifier 

24C the. latter having its output connected to 
its inverting input through resistor 40. Resis- 
tors 34 and 38 are of identical value (the 
same value as resistors 28 and 30), while , 
95 resistors 36 and 40 are half the value of , 
resistors 34 and 38 so that the output signal 
of amplifier 24C, provided to outer terminal 
26D is the preferred. surround channel infor- 
mation signal [0.5 (L — R)]- Finally, the input 
100 terminal 20B is connected directly to the non- 
inverting input of buffer amplifier 24D with 
the output of the latter directly connected to 
its inverting input and directly to the output 
terminal 26B for providing the right channel 

105 S '^gaiiTrefern'ng\WVlG. 2; the ou^uj'terrni- ! 
nals 26A, 26B, 26C.and 26D of the decoding 
matrix 22 is respectively connected to the lett, 
riqht, center and surround channel signal con- 
110 trol units 50A, 50B, 50C and 50D. Generally, 
each control-unit 50 includes at least one ; 
voltage control amplifier, set for expansion,- 
and at least one level sensor adapted to sense 
the signal level output from the respective 
115 terminal 26 of the matrix 22 and for generat- 
ing a control signal to. the voltage control ... 
. amplifier for controlling the signal.ga.n im- 
pressed on the respective channel information 
siqnal: The signal gain provided on each, 
1 20 channel, information signal is thus, a function .... 
of the signallevel of the channel signal and 
will be. expanded as a function of the signal 
level sensed. It should be appreciated that 
expansion is a technique wherein very low 
125 level input signals are attenuated while very 
larqe signals are amplified so as to increase 
the dynamic range of the channel information 
signal and increasing the signal-to-rat.o of the 

130 S,9 The preferred signal control unit is adapted 
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to provide a DC signal output at terminal 52 
representative of the value of the sensed sig- 
nal level of the channel signal. The DC signal 
output is preferably a function of the RMS . 
value of the sensed signal level within a mid- 70 
band frequency range, although other sensors 
are known, including those providing signals 
as a function of the average and the peak 
values of the sensed signal, and other fre- 
quency ranges can be used. Each unit 50 is .' 75 
also adapted to receive a steering signal at 
input terminal 54 as a function of the differ- 
ence between the channel information signals 
in the diagonal pair of channels opposite to 
the pair in which the unit 50 is disposed. . 80 
Finally, 1 output terminal 56 provides the ex- 
panded output of the unit 50. 

The preferred signal control unit 50 is a 
three-band expander employing voltage con- 
20 trol amplifiers 60A, 60B and 60C, each pre- 85 
ferably of the type described in U.S. Patent 
No. 3,714,462 issued to David E. Blackmer 
on January 30, 1973, and three RMS level 
detectors 62A, 62B and 62C each of the type 
described in U.S. Patent No. 3,681,618 is- 90 
sued to David E. Blackmer on August 1, 
1972. Such a voltage control amplifier 60 
will convert the portion of the channel signal 
received at its input to a first signal as a 
30 function of the logarithm of the input signal. 95 
The level sensor 62 provides a DC control 
signal as a function of the RMS level of the 
channel information signal. This DC control 
signal is summed with the log signal, with the 
35 summed signal being converted at the output 100 
of the voltage control amplifier 60 as a func- 
tion of the antilogarithm of the summed sig- 
nal. Such an expansion process is taught in 
U.S. Patent No. 3,789,143 issued to David 
E. Blackmer on January 29, 1974. 105 

More particularly, in FIG. 4, each terminal 
26 is connected to a low pass filter 64, mid- 
band filter 66 and high pass filter 68. Prefera- 
bly, low pass filter 64 passes substantially all 
signal energy from the channel signal below 1 10 
100Hz. High pass filter 68 passes substan- 
tially all signal energy from the channel signal 
above 1800Hz. By using. a differential ampli- 
fier for substracting the sum of the outputs 
from filters 64 and 68 from the input signal a 115 
mid-band filter 66 is provided for passing 
substantially all of the signal energy between 
100Hz and 1800Hz. The output of low pass 
filter 64 is connected to the inputs of the : 
55 .voltage control amplifier 60A and level sensor-: 120 
62A,* the output of mid-band-filter 66 is r 
connected to the input of voltage control - 
amplifier 60B and level sensor 62B and the 
output of high pass filter 68 is connected to 
60 the inputs of voltage control amplifier 60C 125 
and level sensor 62C. The output of each 
level sensor 62A, 62B and 62C is connected 
through a respective resistor 70A, 70B and 
70C to the control signal input of the corre- 
sponding amplifier 60A, 60B and 60C The 130 
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value of each resistor 70 is set to provide a 
predetermined level of. expansion. The ex- 
panded outputs for all three frequency bands 
are added together and applied to the input of 
summing amplifier 72. The channel signal is 
first divided into discrete frequency bands, ' 
each component expanded, and the expanded 
output combined to provide the expanded 
output signal at output terminal 56 of the unit 
50., 

As will be. evident hereinafter, a steering 
signal derived, from the difference between the 
two. channel signals, in the diagonal pair of 
channels, opposite to the diagonal pair in 
which the unit 50 is connected, is applied to . 
terminal 54 where it is applied through each 
resistor 74A, 74B and 74C to the control 
signal provided from the respective level sen- 
sors 62A, 62B and 62C so as to effect the 
amount of expansion for each voltage control 
amplifier 60A, 60B and 60C. Additionally, 
the output of level sensor 62B representing 
the signal energy in the mid-band region of 
the channel signal is provided at the output 
terminal 52. 

Referring again to FIG. 2, the output termi- 
nals 56A, 56B and 56C respectively provid- 
ing the expanded left channnel, right channel 
and center channel information signals are 
connected to drive the power amplifiers of the 
corresponding left loudspeaker 10B, right 
loudspeaker 1 Of and center loudspeaker 1 OA. 
The output terminal 56 D provides the ex- 
panded surround channel signal to the sur- 
round extender control unit 132, as described 
in greater detail hereinafter. The level output 
at each output terminal 52 of each unit 50 is 
connected to an input of a steering signal 
generator 80 for generating a steering signal 
applied to input terminals 54 of the/amplifiers - 
50 for the opposite diagonal channels. .. 

More specifically, each generator 80 is pre- 
ferably a differential amplifier and. control vol- 
tage generator of the type shown in FIGS. 5A 
and 5B. In FIG. 5A,: the: generator 80A in-> £ 
eludes two input terminals 82A and 82B for 
receiving the mid-band RMS level left (L) and 
right (R) sensor outputs 1 from terminals 52A 
and 52B of units 50A and 50B (from level 
sensors 62B of those units).. Since most signal- 
information is typically contained- in the mid- 
band range and most noise is typically outside 
this range a more accurate control is provided. 
The; generator 80A is aCtwo stage; device. The 
first stage is a differential/amplifier.stage 84A * 
for subtracting" mid^bahd^signal level provided 
at terminal 82A (the. mid-band signal level of 
the left information! signal) from the signal 
level. provided at terminal 82B (the mid-band 
signal level of the right information signal).- 
This difference signal is provided at output 
terminal 86A to the surround extender gener- 
ator 130 to be described in greater detail 
hereinafter. The second stage 88A is an 'oper- 
ational rectifier for providing the absolute 
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value {one polarity only) of this difference 
signol. The output of stage 88A is applied 
through resistors of predetermined value so as 
to provide the steering signal for all of the 

5 amplifiers 60 of the center control signal unit 
50A, and the steering signal for all of the 
amplifiers 60 of the surround control signal 
unit 50B.---- : -r, ■ - 

Specifically, input terminal 82B of the gen- 

10 erator £10 A shown in FIG. 5A is connected 
through resistor 90 to the non-inverting input 
of a differential amplifier 92; while terminal 
82A is connected through resistor 96 to the 
inverting input of amplifier 92 and the output 

1 5 of amplifier 92 is connected through feedback 
resistor 98 to its inverting input. The output 
of amplifier 92 forms the output of stage 
84A, and provides one of the surround exten- 
der generator signals (R-L) at terminal 86A, as 

20 will be more apparent hereinafter. 

The output of amplifier 92 is also con- 
nected through resistor 100 to the inverting 
input of amplifier 102 and to the anode of 
diode 104, the latter having its cathode con- 

25 nected to the output of the amplifier 102. The 
non-inverting input of amplifier 102 is con- 
nected to system signal, while output of the 
amplifier is connected to the anode of diode 
108, the latter having its cathode connected 

30 through resistor 1 06 to the inverting input of 
the amplifier to form an operational rectifier. 
The junction formed by resistor 106 and 
diode 108 is connected (1) through resistor 
1 1 0 to the feedback resistor 1 1 2, the latter 

35 being connected in turn to the output of 
amplifier 92 and (2) the inverting input of 
amplifier 114. Amplifier 114 has its non- 
inverting input connected to system ground 
and its output connected through each of 

40 resistor 1 16 and capacitor 1 1 8 to its inverting-' 
input; The resistor 1 16 and capacitor 1 18' 
have values set to provide a predetermined 
time constant as well-known in the art. The 
output of amplifier 1 1 4 is applied through 

45 resistor. 1 20 to the steering control signal 

input 54 of center signal control unit 50C and 
through resistor 1 22 for the steering control 
signal input 54 of the surround signal control 
: unit 500. "'^ " V^.* . '~ *"? 

50 The generator 80B of FIG: 5B is identical 
• schematically to generator 80A except that 
resistors 1 20 and 1 22: of generator/ 80A are 
* of equal value, while resistor 120 of generator 
3'"'"80B is 7 equal tdM .5 times the value of resistor 

55 122 of generator 80B, the latter resistor be-0' 
; - ing equal in value to resistors 1 20 and 122 of 
generator 80A. : 4 - s ,; : " 

The input terminal 82C of generator 80B 
receives the mid-band RMS center (C) level 

60 signal from output terminal 52C of control 
- signal unit 50C; while input terminal 82D of 
generator 80B receives the mid-band RMS 
surround (S) level signal from output terminal 
520 of control signal unit 50D. The generator 

65 808 orovides the surround extender generator 



signal (S-C) at terminal 86B, and the absolute 
value signal output S-C for stage 88B. The 
latter signal is applied through resistors 120 
and 1 22 of the generator, 80B so as to : ; , 
70 provide the steering signal for, all of the ampli- 
fiers 60 of the^left control. signal unit 50A and 
. all of the amplifiers 60 of the right control 
signal unit 50B.. =.v*t; 

Referring again to FIG. 2, the output sig- 
75 nals from terminals 86A.and 86B of genera- 
tors 80A and 80 respectively, are applied to 
the surround extender steering generator 1 30. 
The latter is adapted to provide a control... 
signal to the surround extender control unit f 
80 1 32 for modifying the. surround channel sig- 
nal output from control signal unit 50D so. as 
to enhance virtual sound images produced by 
the surround loudspeakers, 1 0D, 10Eand - : 
10F. . . - > -.. . 

85 More particularly, the preferred generator . 
130 is shown in FIG. 6. The R-L signal from 
terminal 86A of generator 80A is applied to 
the input of gate 134, while the S-C signal 
from terminal 86B of generator 80B is applied 
90 to the positive input of threshold detector 
1 36. The negative input of detector 1 36 is 
connected to the top of an adjustable voltage 
source 1 38: The output of detector 1 36 is 
connected to. ramp generator 140, which, in 
95 turn, is connected to the control input of gate 
1 34. The output of gate 1 34 is connected to 
positive gain amplifier 142, the latter having 
its output terminal 144 connected to the - 
surround extender control unit 132. Gate 134 
100 can be any type of device (such as an FET . 
transistor) for transmitting the R-L signal to 
amplifier 142, while the ramp generator 140 
can be any type of device such as propor- 
tional voltage generator. When the S-C signal 
105 exceeds the threshold level set by source 1 38, 
detector- 136 will provide an output signal to 
v the ramp generator T40. -The; latter will in turn 
provide a signal to the gate 134 so that the 
latter becomes conductive. Thus, a signal is 
: 1 10 provided at the output- terminal 1 44 when the 
• mid-range frequency. RMS. level of the sur-; 
round channel signal;. exceeds the mid-range 
frequency RMS level of the center channel 
■j- signal by at least the.threshold amount set by 
: 1 15 source 138 so as to transmit a control signal ; 
.at output terminal 144 equal to.the difference 

between the mid-range frequency RMS level 
. of the right channel signal and the midrange 
:r frequency : RMS level .of the left channel sig-y: 
i 1 20ynal.'. o *r.\co#£ ; ? v y $ i v ; ■'■ vJT^ -d 

■/■ The signal at output .terminal 1 44 of gener- 
ator 130 is applied to the control input of the 
surround extender control unit 132. The pre- 
ferred unit 132 is shown in FIG. 7.. As shown 
"125 in FIG. 7, the output terminal 56D.from unit 
50D is connected directly to the power ampli- 
fier of loudspeaker. 1 0D. This output is also 
connected to comb filters 1 50A and 1 50B 
which, in turn, have their respective outputs 
1 30 connected to the inputs of voltage control 
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amplifiers 1 52A and 1 52B. The latter are set 
for expansion and preferably are identical to 
amplifiers 60. of units 50. The voltage output 
signal at terminal : 1 44 of generator 1 30 is : 
5 applied directly to the control input terminal 
of amplifier 1 52A, and through signal inverter 
1 54 to the control input terminal of amplifier 
152B. The expanded outputs of amplifier 
1 52A and 1 52B are respectively applied to 
10 the left and right surround loudspeakers 1 0E 
and 10F. 

The amount of expansion provided by am- 
plifier 1 52A and 1 52B of FIG. 7 is preferably 
such that when the S-C signal of FIG. 6 

15 exceeds the threshold (for example, 4-0.6 
volts) set by source 1 38; a strong rear sur- 
round signal is present relative to the front 
center channel signal (provided to speaker 
10A) and additional expansion is provided to 
20 the surround signal applied to the left and 
right surround signals. If the S-C signal ex- 
ceeds the threshold and the R-L signal 
transmitted through gate 92 is positive (mean- 
ing a stronger signal to the right) the signal 

25 transmitted through amplifier 1 52B will be 
amplified providing a stronger signal to the 
right surround loudspeaker 10F, and the sig- 
nal transmitted through amplifier 152A will 
be attenuated providing a weaker signal to the 

30 left surround loudspeaker 10E. This has the 
effect of enhancing the virtual sound image 
on the right side of the listener. Conversely, if 
the S-C signal exceeds the threshold and the 
R-L signal transmitted through gate 92 is 

35 negative (meaning a stronger signal to the left 
of the listener) the signal transmitted through 
amplifier 1 52A will be amplified providing a 
stronger signal to the left surround loud- : 
speaker 10E, and the signal transmitted 

40 through amplifier 1 52B will be attenuated 
providing a weaker signal to the. right sur- ;■- 
round loudspeaker 10F. This has the effect of 
enhancing the virtual sound image to the right 
of the listener. . • 

45 Amplifiers 1 52A and .1 52B are set for. unity, 
gain when the output of gate 1 34 is zero so 
that if the S-C signal is below the threshold 
level, on if above and the R-L signal is zero; 
there will be no change to the signals applied 

50 to loudspeaker 10E and 10F.: ; . ?. 

Finally, referring to FIG. 2, the output 26C 
-of- matrix 22, providing the L +.R signal, is 
coupled to the input of a music-voice detector 
-160. The latter is of a type well-known ; in . the 

55 art, and is preferably a level sensor of the type i 
described in U.S.= Patent No. 4,404,427 is- 
sued to David E:> Blackmer on September 1 3, 
1983' Generally, the level sensor described in 
this latter patent is adapted to distinguish 

60 information signals which quickly change, 
such as those associated with closed-miked 
speech, impulse noise, or staccato music and 
are adapted to be reproduced in a localized 
manner, from those associated with more 

65 slowly changing signals, such as those associ- 



ated with background music and are adapted 
to be reproduced by loudspeakers. connected 
to more than, one channel. (See elements 50- 
1 10 in-U.S.\Patent:No. 4,404,427). In accor- 
70 dance with the present invention, the output 
of detector. 1 60 is connected to the control 
buffer 162. The latter, is adapted to reverse 
the polarity output of detector 160 and apply 
the resulting signal to a control input terminal 
75 of voltage, control amplifier 60B (of FIG., 4) of 
the center channel signal control signal unit 
50C; The advantage of utilizing detector. 1 60 
in this manner;;and an advantage over the 
. teachings of U.S. Patent No. 4,404,427, in 
80 that the detector is-being. used for stereo- 
phonic presentation and utilizes the L + R . 
stereo information in the center information, 
channel to turn up. the mid-range voltage - ; 
control amplifier 60B ofthe center channel to 
85 turn up (i.e., amplify) those signals indicating 
localization in the center channel, such as 
closed-mike speech. Since background infor- 
mation produced on multiple channels is often 
more reverberant than localized information, 
90 turning up the amplifier 60B has the effect of 
amplifying these localized signals so as to 
improve the intelligibility, of the localized infor- 
mation, such as speech, and improve the ; 
balance between localized information and the 
95 background information produced on multiple 
channels under adverse conditions. 

The decoding system thus described, there- 
fore, has the advantage of using the signal 
level in each channel for controlling the. 
100 amount of expansion in each such channel.-: 
and threeband expanders for each channel 
give more accurate control for producing the 
virtual sound images indicated by the audio 
data in the signals provided at the input 
105 terminals 20A and 20B, as ; well as increase 
the separation provided by matrix 22 by sig- 
nal expansion. Mid-band frequency levels:.of 
the channel signals are used to provide the 
steering control signals since the mid-band . 
110 frequency region. of; those signals;typically- 
include most of the program information and 
less noise.. The surround extender,steering : \ 
. generator 1 30 and surround extender; control 
unit 132 provide enhanced steering. of signals 
1 1 5 to one side of the listener or the other when 

the audio data of the channel signals indicates 
that a strong, rear signal relative to the front 
center is present. .As a result, this strong rear 
channel, signal is used to enhancejeft or.right 
120 virtual sound images-?: Cj& -'vr-r^D f £ 

* ; Since certain changes- may be: made .in. the 
above apparatus without departing from the 
scope of the invention hereinJnvolved, it is 
intended that all; matter contained in the . 
125 above description. or shown in the accompany- 
ing drawings shall be interpreted in an illustra 
tive and not in a limiting sense. 

CLAIMS 

130 1 . A signal decoding system for use in a 



7 



GB2 154 835A 7 



sound reproducing system and being of the 
type for coupling two input signals containing 
audio data to at least four loudspeakers 
adapted to be positioned at different locations 
5 with respect to a listener, said signal decoding 
system comprising: 

means responsive to said input signals for 
generating at least four electrical information 
signpls corresponding to said loudspeakers 
10 and containing said audio data, the audio data 
of each signal being a function of the position 
of the respective loudspeaker relative to the 
listener; 

at least four electrical transmission paths for 

15 respectively transmitting the four information 
signals to the corresponding ones of said 
loudspeakers; 

means disposed in each of said transmis- 
sion paths for impressing as a function of a 

20 control signal a signal gain on at least a 

portion of the information signal transmitted 
over each said path; and 

means coupled to each of said transmission 
paths for detecting the signal level of the 

25 portion of the information signal transmitted 
over each said path and for generating the 
control signal for each said path in response 
and as a function of the detected portion of 
the information signal. 

30 2. A system according to claim 1, wherein 
said means for impressing a signal gain on at 
least a portion of the information signal com- 
prises means disposed in each of said 
transmission paths for generating a plurality of 

35 component signals corresponding to the signal 
energy in a corresponding plurality of distinct 
frequency bands of said information signal 
and means for varying the signal gain im- 
pressed on each of said signal components as 

40 a function for a control signal derived from 
each said component signal; and said means 
for detecting said portion of said information 
signal comprises means for detecting the sig- 
nal level of each of said signal components 

45 and for generating a control signal for each of 
said component signals as a function of the 
detected level of each said signal component. 

3. A system according to claim 2, wherein 
said plurality of distinct frequency bands in- 

50 eludes substantially all of the signal energy 
within the bandwidth of said two input sig- 
nals. 

4. A system according to claim 1, wherein 
said audio data is representative of virtual 

55 images of sound reproduceable by said loud- 
speakers when said loudspeakers are disposed 
relative to said listener in a predisposed pat- 
tern, said system further including means re- 
sponsive to said four information signals for 

60 generating a steering signal as a function of 
said audio data and means for adding said 
steering signal to the control signal for one of 
said paths so that virtual images created to 
one side and rear of said listener when said 

65 loudspeakers are disposed in said predisposed 



pattern are enhanced. 

5. A system according to claim 4, wherein 
said means for generating said steering con- 
trol signal includes means for generating a 

70 first signal in response to a comparison be- 
tween the signal energy in said input signals 
representative of the audio data relating to the 
virtual image created to one side of the lis- 
tener to the signal energy in said input signals 

7 5 representative of the audio data relating to the . 
virtual image created to the other side of the 
listener when said loudspeakers are predis- 
posed in said predisposed pattern, means for 
generating a second signal in response to a 

80 comparison between the signal energy in said 
input signals representative of the audio data 
relating to the virtual image created to the 
rear of the listener to the signal energy in said 
input signals representative of the audio data 

85 relating to the virtual image created in the 
front of the listener when said loudspeakers 
are predisposed in said predisposed pattern, 
means for generating said steering control 
signal as a function of said first signal when 

90 said second signal indicates a clearly deter- 
mined directionality and means for adding 
said steering control signal to said control 
signals of at least two of said transmission 
paths so as to modify said virtual images to 

95 the sides of said listener. 

6. A system for decoding two input signals 
into at least two diagonal pairs of information 
signals, said system comprising: 

means for generating in response to said 
100 input signals said information signals so that 
said information signals contain audio data 
relating to virtual sound images that can be 
created when said information signals are 
used to drive a plurality of loudspeakers pre- 
105 disposed in a preselected pattern relative to a 
listener; and 

means for modifying one of the information 
signals of one of said diagonal pair when the 
difference between at least a select portion of 
110 the signal energy levels of the other diagonal 
pair indicates a clearly defined directionality 
relative to said listener so as to enhance said 
virtual sound image defined by said direction- 
ality. 

115 7. A system according to claim 6, wherein 
said one information signal of said one diago- 
nal pair is the rear signal for driving at least 
two of said loudspeakers adapted to be posi- 
tioned behind the listener on each side of the 

120 listener, said other diagonal pair are the left 
and right signals for driving at least two other 
of said loudspeakers adapted to be positioned 
relative to signal listener, and said clearly 
defined directionality indicates at least a pre- 

125 determined difference between said left and 
right signal, and said means for modifying 
said one information signal includes first and 
second transmission paths for transmitting 
said one information signal to said two loud- 

1 30 speakers adapted to be positioned behind the 



listener, and means disposed in each said 
path for enhancing said information signal for 
driving the loudspeaker of said two loudspeak- 
ers adapted to be positioned on said one side 
5 of the listener at which said virtual image is 
indicated by said clearly defined directionality 
and means for reducing said information sig- 
nal for driving the other of said two loud- 
speakers adapted to be positioned on the 

10 other side of said listener. 

8. A system according to claim 7, wherein 
said means for modifying said one information 
signal includes a count filter disposed in each 
of first and second transmission paths so as to 

1 5 modify the signals transmitted through said 
paths in order to prevent sonic signals gener- 
ated by said two loudspeakers adapted to be 
positioned behind the listener from creating a 
virtual image between them. 

20 9. A system according to claim 8, wherein 
said means for enhancing and said means for 
reducing said information signal each includes 
a signal expander. 

10. A system according to claim 9, wherein 

25 the other information signal of said diagonal 
pair is the front signal for driving at least one 
loudspeaker positioned substantially in front 
of said listener and the information signals of 
the other diagonal pair are adapted to respec- 

30 tively drive at least two loudspeakers posi- 
tioned to the left and right of the listener, and 
said means for modifying said rear signal 
includes means for comparing the difference 
in energy levels of at least a portion of the 

35 right and left signals and means for compar- 
ing the difference in energy levels of at least a 
portion of the rear and front signals and 
means for generating a control signal to both 
of the signal expanders when said right and 

40 left signals are different and said rear signal 
exceeds said front signal by a predetermined 
amount. 

1 1 . A signal decoding system substantially 
as hereinbefore described with reference to 
45 and as illustrated in the accompanying draw- . 
ings. - v > v 

Printed in the United Kingdom for 

Her Majesty's Stationery Office. Od 8818935. 1985. 4235. 
Published at The Patent Office. 25 Southampton 8uildmgs. 
London. WC2A 1AY. from which copies may be obtained. . . 



